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Supplementary Figure 1. PCR experiments assessing intron splicing. (A) Experiments on atp/, cob, rns
and rnl. For each of the four genes, we prepared a set of primers that matches the Marophrys mtDNA
sequence exactly and encompasses an intron/introns (see Table S2 for the detail). The results from the PCR
using the cDNA sample and those from the genomic DNA (gDNA) sample were shown in the left and right
lanes, respectively. The expected lengths of the PCR product are shown in the brackets. Notes—1) the
primers for rns amplified two DNA fragments from the gDNA sample, one is of Marophrys (containing an
intron, 1,722 bp; highlighted by an open arrowhead), and the other is of a green alga Pyramimonas sp. that
was fed to the centrohelid in the laboratory culture (924 bp; highlighted by a filled arrowhead). 2) The large
rnl gene fragment containing 8 introns (9,024 bp) was failed to be amplified from the gDNA sample. (B)
Experiments on cox/ and nad5. For each of the two genes, we prepared a set of primers that are specific to
the two separate loci (cox! _a/nad5 a and cox! _b/nad5 b; see Fig. 1). In theory, the DNA amplification
bridging the two separate loci occurred only in the PCR using the cDNA sample. The expected lengths of
the PCR product amplified from the cDNA sample are shown in the brackets. As no primer-specific
amplification was expected for the experiments using the gDNA template, no expected size was provided.
We observed the DNA amplification from the gDNA using the primers for nad5, albeit they were most
likely of non-specific. Blank lanes are labelled as “B”. Lanes labelled by “M” indicate size markers for

double-strand DNA.



100

99

93

Balamuthia mandrillaris cox1 [AKU37121]

Sclerotinia borealis cox1 [YP_009072330.1]

Rhynchosporium secalis cox1 [YP_008965418.1]

94

Starmerella bacillaris cox1 [YP_052718.2]

Puccinia striiformis f. sp. tritici PST-78 cox1 [KNF06917.1]
Rhizopus oryzae cox1 [YP_203295.1]

Glomus sp. DAOM 229456 cox1 [AFN06101.1]

Monoblepharella sp. JEL15 cox1 [NP_803527.1]
Pleurotus ostreatus cox1 [YP_001504362.1]
Ganoderma sinense cox1 [YP_008854747.1]

Malassezia sympodialis ATCC 42132 cox1 [CCO75419.1]
cox1 [CAA11313.1]
cox1 [AAB86933.1]
cox1 [CAA11319.1]
cox1 [ABY83873.1]

100

Schizosaccharomyces octosporus cox1 [NP_700369.1 ]

Lentinula edodes cox1 [YP_006576292.1]

Pyronema omphalodes cox1 [YP_009240548.1]

Debaryomyces hansenii cox1 [YP_001621429.1]
91 Magnusiomyces ingens cox1 [YP_009029665.1]
Meyerozyma guilliermondii cox1 [YP_008474873.1]

Wickerhamomyces canadensis cox1 [NP_038209.1]
100 Cyberlindnera suaveolens cox1 [YP_008475132.1]
99 Saccharomyces cerevisiae YJM1083 cox1 [AJU15645.1]
_|:Saccharomyces castellii cox1 [NP_644682.1]
Kluyveromyces marxianus stand-alone [YP_009093761.1]

Hanseniaspora uvarum cox1 [YP_492537.1]

Kluyveromyces thermotolerans cox1 [YP_184723]

Schizosaccharomyces japonicus cox1 [NP_705621.1]

Candida neerlandica cob [YP_002122391.1]
Candida sojae cox1 [YP_003434264.1]

% | Candida tropicalis cox1 [YP_008474985.1]

Candida maltosa cox1 [YP_003434121.1]

Saccharomyces cerevisiae cob [AJU15837.1]
1 100

Saccharomyces paradoxus cob [AKL82968.1]

Torulaspora globosa cob [AMQ25909.1]
Cyberlindnera jadinii cob [YP_008475047.1]

Magnusiomyces magnusii cob [YP_007317618]

Magnusiomyces capitatus cob [YP_009029702.1]

Yarrowia lipolytica cob [AGS44105.1]
Millerozyma farinosa cob [YP_003204903.1]

Candida chauliodis cob [YP_008475310.1]
Barnettozyma californica cob [YP_008474962.1]

96

92

Wickerhamomyces mucosus cob [YP_008475196.1]
Cyberlindnera suaveolens cob [AGS44183.1]

o psaB [YP_636276.1]

|: psaB [YP_009184827.1]
99

psaB [YP_009184920.1]
psaB [YP_009184584.1]
psaB [YP_007890179.1]
psaB [ALO20944.1]

100 petB [YP_009220404.1]
petB [YP_635911.1]

atpA [AITO4633.1] === rm=rmsrasmermaroranass

Supplementary Figure 2

----------------------------- *GIn164



88

Supplementary Figure 2 (continued)
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Supplementary Figure 2 (continued)

Supplementary Figure 2. Unrooted maximum-likelihood (ML) tree of homing endonuclease
(HE) sequences including HE“?'-1I, A phylogenetic analysis was performed on 117 sequences with
214 amino acids positions under the WAG + F + I + G4 substitution model. Each OTU names
consists of species name, intron hosting gene (bold), and GenBank accession number surrounded by
brackets. Green algal and fungal species names are colored in green and brown, respectively.
Intron-hosting gene names are colored in green of plastid-encoded. For each atpl/atpA intron, we
provied the number and amino acid identity of the intron-containing codon, which is based on the
Marophrys atpl gene. Asterisks indicate the pahse classes of intron-inserted positions. Ultrafast
bootstrap values are shown when they are greater than 70%. The key node to infer the origin of the
intron in the Marophrys atpl gene (atpl il) and its HE (HE*?’-1!) is labelled with “A” and the

corresponding bootstrap value is shown in parentheses.
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Supplementary Figure 3 (continued)
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Synechococcus sp. C9 rnl [ABD91528.1]-===========mmccmnmccmccocm o nm o m s mmmm i m o 1776
= Parcubacteria group bacterium GW2011_GWF2_52_12 rnl [KKW25322.1] -=================zcmunnnno=. 1784
S ] Ca. Jorgensenbacteria bacterium GW2011_GWC1_48_8 rnl [KKU98534.1]-============n=mmmemcnnnnnnnn. T
100 Ca. Levybacteria bacterium GW2011_GWC2_37_7 rnl [KKQ36735.1] -===========mmmmmeennnnnnn. 915

Ca. Daviesbacteria bacterium GW2011_GWF2_38_6 stand-alone [KKQ77915.1]
Ca. Thiomargarita nelsonii possibly rnl [KHD09272.1]

Ca. Amesbacteria bacterium GW2011_GWA2_42_12 rnl [KKS32108.1] -================cnunnnmmn-. 1781
candidate division Kazan bacterium GW2011_GWC1_52_13 rnl [KKW25919.1]+===============mmmmmmnnnnnnn. 2531
Ca. Magasanikbacteria bacterium GW2011_GWC2_40_17 rnl [KKR48566.1] -===================2ccun-c-. 2495
Ca. Gottesmanbacteria bacterium GW2011_GWC2_42_8 stand-alone [KKS73618.1]

Ca. Gottesmanbacteria bacterium GW2011_GWA1_44 _24b rnl [KKT57037.1]-=================ccncucun==. 2503
Ca. Amesbacteria bacterium GW2011_GWC1_46_24 rnl [KKU31915.1]-============nnmmmmmmmmnnnnnnn, 2497
Parcubacteria group bacterium GW2011_GWF2_52_12 rnl [KKW25323.1]+=============sssmmmmmmmmmmmmennnnnns 1810
Microgenomates group bacterium GW2011_GWA2_46_16 rnl [KKU25865.1] -================mcnmcmmmnnnommnnnnnn 1807
Ca. Collierbacteria bacterium GW2011_GWC2_44 13 rnl [KKT39408.1] === =======nmemmancacmmaaaccmaaaacaaaaans 1810

Ca. Gottesmanbacteria bacterium GW2011_GWA2_47_9 rnl [KKU87617.1] -=============mmmmcnnommmnnnmmmnnnnns T
Ca. Amesbacteria bacterium GW2011_GWC1_46_24 rnl [KKU31913.1] +============mmmmncmmmmnncmmmnnnammmmnes 1810

Ca. Thiomargarita nelsonii stand-alone [KHD09273.1]

Ca. Thiomargarita nelsonii stand-alone [KHD04553.1]

Caldimicrobium thiodismutans rnl [BAU23500.1] s================mmmmmmme oo mmemmmmmmm i mmmm e 1804
Coxiella burnetii RSA 331 rnl [ABX78111.1] -=========mmmsmmmmmmnmcmmmm e e mmmmm s mmmmm i mm e ?
Ca. Kuenenbacteria bacterium GW2011_GWA2_42_15 rnl [KKS39536.1] -================--cccccoomnnnnnnnn, 1810
Acetothermia bacterium 64_32 stand-alone [KUK26106.1]

MCa. Moranbacteria bacterium GW2011_GWA2_39 41 rnl [KKR21055.1] -===============mmmmnnmmmmnnmmnnnnens 1810
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Supplementary Figure S3 (continued)

6| — Ca. Moranbacteria bacterium GW2011_GWC2_40_12 rnl [KKR44426.1]-=================mcsccmocmnmnnonnonnn. 1810
Nephroselmis astigmatica rnl [YP_009057887.1]-=============scmscmccmccenmccmomm oo mcm o m i m e 1810
candidate division Kazan bacterium GW2011_GWA1_44_22 rnl [KKT52816.1] +=======-====-=-mscecmmmnonnnnnnn. 1810

o Monomastix sp. OKE-1 rnl [YP_002601069.1] s==========m==mmcccmecom oo mm o m i mm s mm i m s 1810

35 —————— Chlorella vulgaris rnl [AAGB1148.1] s=========m=mmmcmn oo m o m s mm s m i m i m e e ?

——— Monomastix sp. M722 rnl [AAL77609.1] -==========m=mssmn e e m o m s mm o m e 1810
LI-— Balamuthia mandrillaris rnl [AKT93765.1]-===========s=mssmccmccmccn oo mm oo m s mm e ?
100 Balamuthia mandrillaris rnl [YP_009163159.1] s===========m=ssnncmmmmn oo mmmmm i mmmmmmmmmm s mm i m e ?
Acanthamoeba castellanii rnl [NP_042525.1] -============mscmccmccmocenmc oo m i cm s m e 1810
Eotryococcus braunii rnl [YP_009162753.1] === =========ssmmmmccccccenmnmco oo m oo e 1784
K Coccomyxa Viridis rnl [AFA35828.1] == ========nmmnmmme e m e m e m s m s m s m s 1810
— Koliella corcontica rnl [YP_009105828.1] +===========ss=mnmsame oo o e m s m s m s m s m e e 1810
AFMarophrys SP. HE M e e e e e e e e 1810
ﬂ': Coccomyxa simplex rnl [AMB18959.1] == ========m=mmmnmem oo oo m o m e m i m i mmm i m e 1810
100 Trebouxiophyceae sp. MX-AZ01 rnl [YP_00B666384.1] +=======r=x=nsmrmremsmmon oo m s 1810
Trebouxia showmanii rnl [ACU25390.1]===========sm=csnceomccmco oo o mm oo m oo m e 1810
100 |Ustilago maydis strain BUB7 rnl [ACL27294.1] ======--=msmmmomo oo e e e 1917
il Ustilago maydis strain SRX3 rnl [ACL27279.1] =========m=momoses oo e s s e 1917
Dacryopinax sp. DUM-731 SS1 nuclear-encoded [EJU02386.1]
Ganoderma lucidum rnl [CCQ18563.1] - ========mmmmmmmmmm oo e mm s s s o s s oo s s mmmmmmmmmmmmmmnn 1794
Lentinula edodes stand-alone [YP_006576298.1]

Agaricus bisporus var. bisporus H97 rnl [AFP72256.1] r=============csccscmnnmcomocmcm s m i mmns 1858
Funneliformis coronatum rnl [CAY39348.1] ===========smssmccmccmccm oo oo o mm s om o mm oo e 944
100 — Agaricus bisporus cox1 [ABY85442.1]

L pleurotus ostreatus cox1 [YP_001504361.1]

——— Agaricus bisporus var. burnettii JB137-S8 ? [XP_007335271.1]

Funneliformis caledonium rnl [CAY39345.2] +=========ssmcmsncccmome oo m o m o mm e 673
Phycomyces blakesleeanus rnl [YP_009162953.1] -===========mcmmmmmcmomomomom oo e 671
Zancudomyces culisetae rnl [YP_203314.1] r========nm=mmcmmcmmccmccm oo oo m s m o m s m s T
Agrocybe aegerita rnl [AAD20983.1] === === == mmmsmmmmsmmsmm oo oo n s smssmssmnsmnsmnm e 1001

Supplementary Figure 3. Unrooted maximum-likelihood (ML) tree of homing endonuclease
(HE) sequences including HE™-3, A phylogenetic analysis was performed on 119 sequences with
224 amino acid positions under the WAG + F + I + G4 substitution model. The key node to infer the
originin of the third intron in Marophrys rnl (rnl_i3) and its HE (HE™-?) is labelled with “A” and the
corresponding bootstrap value is shown in parentheses. For each 7n/ intron, we provided the number
of the nucleotide that follow the particular intron immediately (the nucleotide numbering is based on
the Marophrys rnl gene). Daggers indicate that the intron-inserted region is not conserved in the
Marophrys rnl gene. Question marks mean that the genes hosting introns or intron-inserted positions

are not recorded in the NCBI database. Other details are the same as in the legend for Figure S2.
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Supplementary Figure 4

Oryza sativa Indica Group [EEC73844.1]

Oryza brachyantha [XP_006647748.1]

Phyllostachys edulis [ADB85413.1]

Sorghum bicolor [XP_002454427 .1]

o Setaria italica [XP_004953589.1]

Aegilops tauschii [EMT05105.1]

Solanum lycopersicum [XP_004251011.1]

w1 Eucalyptus grandis [KCW63832.1] Stand-alone HEs in

100

100

"y Prunus mume [XP_008236630.1]
"l Prunus persica [XP_007201413.1]
Genlisea aurea [EPS74001.1]

— 99

100 I: Physcomitrella patens [XP_001773851.1]
Physcomitrella patens [XP_001752430.1]

79

Wat

Selaginella moellendorffii [XP_002964486.1]

Marophrys sp. HE™-4 < o o o e e e e e e e e e e e e e e e e - -
B(85) wof Trebouxia aggregata rnl [AALT7574.1]= = = = = = = = = = e m e e e e e e e e e e e e e m - -
100 | L Trebouxia showmanii rnl [ACU25391.1] = = = = = = = = = = = = = = = = = = m m mmm - == = -

Trebouxia angustilobata rnl [ACU25388.1]= = = = = = = = = = = = = = = = = = = — = = = = ===~

Koliella corcontica rnl [YP_009105829.1] = = = = = = = = = = = = = m m e m e e m—— - — -

woo— Trebouxiophyceae sp. MX-AZ01 rnl [YP_006666423.1] = = = = = = = = = = = = = = = = = -
100 | I_— Paradoxia multiseta rnl [YP_009106084.1]- = = = = = = = = = = = = = = = = = = = = = = -
L | o7 Elliptochloris bilobata rnl [YP_009106743.1] = = = = = = = = = = = = =# m = = = = = = = -

Dicloster acuatus rnl [YP_009106639.1] = = = = = = = = = = = = = = = = = = = = = = = = = = = =~
Trebouxiophyceae sp. MX-AZ01 rnl [YP_006666385.1] - = = = = = = = = = = = = = = = = = = = =«

Omnitrophica bacterium OLB16 stand-alone [KXK29008.1]

Parcubacteria group bacterium GW2011_GWF1_45_5 rnl [KKU09443.1]- === === === ="~
Ca. Giovannonibacteria bacterium GW2011_GWB1_47_6b rnl [KKU76611.1] - === === ==~
Parcubacteria group bacterium GW2011_GWA2_47_10 rnl [KKU49556.1] - = == = = ===~

Ca. Acetothermus autotrophicum rnl [BAL58636.1] - = = = = = = = = = = = = = = = = = = = — = = = — -

Zygosaccharomyces bisporus stand-alone [063264.1]

Lachancea thermotolerans rnl [CAA24978.1] = = = = = = = = = # m m m m o o o m - == -
Candida vartiovaarae rnl [YP_008475081.1]- = = = = = = = = = = = = = = = = = = =~
Wickerhamomyces canadensis rnl [NP_038225.1] - = = = = = = = = = = = = = = = = -
Candida theae rnl [YP_008475156.1] - = = = = = = = = = = = = = = = = = = = = -
Komagataella phaffii CBS 7435 stand-alone [YP_004362963.1]

Scleroderma citrinum Foug A stand-alone [KIM49957.1]

Termitomyces sp. J132 stand-alone [KNZ71303.1]

Pyronema omphalodes rnl [YP_009240572.1] - = = = = = = = = = = = = = = = = = = = = = =~
Leucoagaricus sp. SymC.cos stand-alone [KXN93398.1]

Agaricus bisporus var. burnettii JB137-S8 stand-alone [XP_007335634.1]

Chlorosarcina brevispinosa rnl [AAL34391.1] = = = = = = = = = = = = = = = = = = = = = = =~
Coccomyxa viridis rnl [AFA35836.1] - = = = = = = = = = = 0 m m e e e e e e m - m - - -
Nitella hyalina rnl [YP_006072998.1] = = = = = = = = = = = & m m o e e e e e - —— == -
Lobosphaera incisa rnl [YP_009138091.1] = = = = = = = = = = = = = = = = = = = = = = = = = -
Microbotryum cf. violaceum BFL-2013 stand-alone [YP_007475428.1]

Cantharellus cibarius rnl [YP_007476114.1]- == - === == === === = ===~
Dicloster acuatus rnl [YP_009106640.1] = = = = = = = = = = = = = = = = = = = = = = -

Sphaeropleales sp. YCO01 rnl [ALF99715.1] - = = = = = = = = = e e 0 e e == = = -

w Schizomeris leibleinii rnl [YP_004581319.1]- = = = = = m = m e mm mmmmm e m - m =
_|__|: Stigeoclonium helveticum rnl [YP_764366.1]- = = = = = = = = = = = == = = = = = = = = =

Pseudendoclonium akinetum rnl [YP_025752.1]- = = = = = = = = = = m = m = = = = = = = -
Carteria cerasiformis rnl [YP_009185131.1] = = = = = = = = = = = = = = = = = = = = -

Marophrys sp. HEM-6 - = = = = = = = = = = = = = = = — - m m mm mmmmm—mmm - -

Oltmannsiellopsis viridis rnl [YP_684375.1]- = = = = = = = = = = = = = = = = = = = = = = -
Oltmannsiellopsis viridis rnl [YP_635906.1] - = = = = = = = = = = = = = = = = = = = = = -
Ulva prolifera rnl [YP_009183730.1] - = = = = = = = = = = = = = = = = = = = = = = = = =~

Nephroselmis olivacea rnl [YP_665643.1] - = = = = = = = = = = = = = = = = = = = = = = = = — -
Trebouxia australis rnl [ACU25396.1] = = = = = = = = = = = = = = = = = = = = = = = = = = = = =~
Trebouxia decolorans rnl [ACU256397.1]= = = = = = = = = = = = = = = = = = = = = = = == ===~

anabea reniformis rnl [YP_009104921.1]- = = = = = = = = = = = = = = = = = = = = = = === = -

Trichosarcina mucosa rnl [AAGB1151.1] = = = = = = = = = = = = = = = = = = = = = = = = = == =~

Jenufa perforata rnl [YP_009184764.1]- = = = = = = = = = = = = = = = = = == = == == ==~

Paradoxia multiseta rnl [YP_009106085.1]- = = = = = = = = = = = = = = = = = = = = = = = = = -

Hafniomonas laevis rnl [YP_009184979.1]- = = = = = = = = = = = = = = = = = = = = = = = -

Moramonas marocensis stand-alone [AML60640.1]

Xylochloris irreqularis rnl [YP_009105633.1] - = = = = = = = = = = = = = = = = = = = = = = =~

Eucalyptus grandis [XP_010040589.1] Land plant nuclear genomes



Supplementary Figure 4 (continued)

B7E Stephanosphaera pluvialis stand-alone [ALO21700.1]
Chlamydomonas applanata stand-alone [Q32001.1]

93

100

100

——— Neochloris aquatica rnl [AAL77619.1]- = = = = = = = = = = = = = = = = = = = = = = = = =~ 2393
Microglena monadina rnl [AAL34362.1]- = = = = = = = = = = = = = = = = = = = = = = = = — - 2393
Ankistrodesmus stipitatus rnl [AAL34331.1] - = = = = = = & & & & & m m f e e e e e e - - - . 2393
— Chlamydomonas zebra rnl [AAL34370.1]- = = = = = = = = = = = = = = = = = = = = = = = = = = =~ 2393
Bracteacoccus minor rnl [YP_009054604.1]- = = = = = = = = = = = = = = = = = = = = = = — — =~ 2395
Bracteacoccus aerius rnl [YP_009054586.1] - = = = = = = = = = = = = = = = = = = = = = = = =~ 1652
Parasitella parasitica stand-alone [YP_009059714.1]
Chlamydomonas sp. SAG 66.72 rnl [AAL34381.1]- = === === === === == === ===~ 2152
Chlamydomonas frankii rnl [AAL34367.1] - = = = = = = = = = = = = = = = = = = = = — = == ===~ 2152
Lobochlamys segnis rnl [AAL34375.1]- = = = = = = = = = = = = = — = m - - - m mmm—— - — ==~ 2152
Ca. Kaiserbacteria bacterium GW2011_GWA1_50_28 rnl [KKW17243.1] - = = = = = = - T
Parcubacteria group bacterium GW2011_GWF2_50_9 rnl [KKW20853.1]- == = — = = - 2291
Parcubacteria group bacterium GW2011_GWC1_40_13 rnl [KKR45004.1] - = === -~ T

Microgenomates bacterium OLB23 stand-alone [KXK10382.1]

Parcubacteria group bacterium GW2011_GWA2_46_10 stand-alone [KKU18863.1]

% Parcubacteria group bacterium GW2011_GWF2_40_10 rnl [KKR37726.1]- = = = = = - 2393
Parcubacteria group bacterium GW2011_GWD1_38_16 stand-alone [KKQ59176.1]

Ca. Giovannonibacteria bacterium GW2011_GWA2_45_21 stand-alone [KKU04950.1]

Ca. Collierbacteria bacterium GW2011_GWE2 42 48 rnl [KKS62528.1]- == === - =~ 2284
Ca. Woesebacteria bacterium GW2011_GWA1_33_30 rnl [KKP47050.1] - = = = = = = = - *

99

Ca. Amesbacteria bacterium GW2011_GWC1_46_24 rnl [KKU31914.1]- = = = = = =~ 2392
candidate division WWE3 bacterium GW2011_GWC1_41_7 rnl [KKS20921.1]- = = = — - 2391
candidate division Kazan bacterium GW2011_GWA1_44_22 rnl [KKT52817.1]- = = = = = = - 2392

Ca. Amesbacteria bacterium GW2011_GWC1_48_10 rnl [KKU94395.1]- = = = = = = - 2487
Parcubacteria group bacterium GW2011_GWA2_47_64 stand-alone [KKU76161.1]
Parcubacteria group bacterium GW2011_GWA2_45_15 stand-alone [KKT95370.1]
Parcubacteria group bacterium GW2011_GWA2_47_8 rnl [KKU82607.1]- = - = = = — - 2470
Microgenomates group bacterium GW2011_GWA2_44_7 rnl [KKT75491.1] - = = = = - 2478
Parcubacteria group bacterium GW2011_GWA2_40_14 rnl [KKR45109.1] - = = = = = = = - 2417

Ca. Yanofskybacteria bacterium GW2011_GWA1_44_21 rnl [KKT50454.1] - = = = = = = - 2469
Ca. Daviesbacteria bacterium GW2011_GWC1_40_9 rns [KKR80175.1] - = = = = = = = = = = = = — -
100 Ca. Amesbacteria bacterium GW2011_GWA2_42_12 rnl [KKS32109.1]- = = = = = = = = - 2469
% Ca. Gottesmanbacteria bacterium GW2011_GWA1_44_24b rnl [KKT57036.1] - = = = = = - T
—|95 ——— Microgenomates group bacterium GW2011_GWB1_45_17 rnl [KKT97972.1]- = = = = = - 2407
o5 Parcubacteria group bacterium GW2011_GWF2_43_11 rnl [KKS91601.1]- == - == - - - 2407
1w [ Hydrogenobacter thermophilus TK-6 rnl [BAI68709.1]- = = = = = = = = = = = = = = = = - 512
L Parcubacteria group bacterium GW2011_GWA2_47_8 rnl [KKU82605.1]- = = = = - T
Parcubacteria group bacterium GW2011_GWF2_50_9 rnl [KKW20855.1]- = = = = = = = = = - 2291
Parcubacteria group bacterium GW2011_GWA2_47_8 rnl [KKU82606.1] - = = = = = = = = - 2439
Coccomyxa simplex rnl [AMB18963.1]- = = = = = = = = & & & = = 0 o o = = = = = = . 2490

100

Coccomyxa simplex stand-alone [AFA35835.1]

Trebouxia angustilobata stand-alone [ACU25389.1]

Chara vulgaris rns [NP_943708.1] = = = = = = = = = = = = = = = = = — m e e m ==

Chlorokybus atmophyticus rns [YP_001315091.1] - = = = = = = = m e e e e m e e e e e == = -

Physcomitrella patens ? [XP_001783111.1]

Mycoplasmataceae bacterium RV_VA103A stand-alone [KLL04597.1]

Selaginella moellendorffii stand-alone [XP_002967394.1]

Closterium baillyanum rns [YP_008816002.1]- = === == = = = = = = = = = = = = = = = = = -

Marophrys sp. HE™*'- = = = = = = = = = = = = = = = — — mmm mm—mm - m - - -

Parcubacteria group bacterium GW2011_GWA2_47_8 rns [KKU82936.1] - - - - === ===~

Prasiolopsis sp. SAG 84.81 rns [AIT93542.1]- = == === == = = = = = = = = = == = = = =~

Ca. Moranbacteria bacterium GW2011_GWF2_35_39 rns [KKP77957.1] - = = = = = = = = = = = -

Bryopsis hypnoides rns [ACZ52951.1]- = = = = = = = = = = = = = = = = = = = = = == = = = =~

Tydemania expeditionis rns [YP_009130581.1] - = = = = = = = = = = = = = = = = = = = = = — -

Caulerpa sertularioides rns [AAQ90283.1]- = = = = = = = = = = = = m e e mm - - - -

Xylochloris irregularis rns [YP_009105637.1]« = = = = = = = = = = = e e e e e e e m = = ==
Stephanosphaera pluvialis rns [ALO21703.1] = = = = = = = = = = = = = = = = = = = = -

100
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Lobochlamys segnis rns [AAAB7802.1] = = = = = = = = = = = = = e m m m e - m ===
Piscirickettsia salmonis LF-89 stand-alone [ERL60595.1]

Stigeoclonium helveticum rns [YP_764442 1] = = = = = = = = = = = = = = = = mm = === = -
Ca. Curtissbacteria bacterium GW2011_GWA1_40_24 stand-alone [KKR54577.1]
Parcubacteria group bacterium GW2011_GWC1_39 29 stand-alone [KKR15411.1]
archaeon GW2011_AR18 stand-alone [KHO53582.1]

100 Caulerpa sertularioides rns [AAQ90282.1] == == = = = = = = = = = = - = — — - —m - - == ===~
,_|‘°° I: Flabellia petiolata rns [ACL80127.1] - = - === == = - = = - = - - - - - - - - = =-—-=-=-=-=-=--

100
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100

Supplementary Figure 4 (continued)

| &L L Tydemania expeditionis rns [YP_009130580.1] = = = = = = = = = = = = = = = = = = = = == = — — - — - 508
Bryopsis hypnoides rns [ACZ52950.1] = = = = = = = = = = = = = = = = = = & m — — —mm—mmm— - - = - 505

Xylochloris irreqularis rns [YP_009105636.1] - = = = = = = = = = = = = = = = = = — = = = — = — = -~ 505

. Parcubacteria group bacterium GW2011_GWB1_43_6 stand-alone [KKT16268.1]

7
&EParcubacteria group bacterium GW2011_GWC2_48_17 rnl [KKU95596.1]- = = = = = = - 2394
= Ca. Nomurabacteria bacterium GW2011_GWC2_35_8 stand-alone [KKP88205.1]
Ca. Collierbacteria bacterium GW2011_GWA2_46_26 rnl [KKU32261.1]- - - = - == - = - - 2394

100

arcubacteria group bacterium GW2011_GWA2_47_64 rnl [KKU76159.1]

100 P
——{ 7 Ca. Thiomargarita nelsonii stand-alone [KHD04552.1]

Ca. Gottesmanbacteria bacterium GW2011_GWA1_43_11 rns [KKS84826.1]- = = = = == === == = =~ 1690

Ca. Daviesbacteria bacterium GW2011_GWA2_38_24 rns [KKQ65539.1]- = = = == == == = = = = = = -

Microgenomates bacterium 39_7 stand-alone [KUK79199.1]

Ca. Azambacteria bacterium GW2011_GWA1_44_9 stand-alone [KKT81213.1]

100

Parcubacteria group bacterium GW2011_GWA2_40_14 stand-alone [KKR45329.1]

Parcubacteria group bacterium GW2011_GWC2_49_9 stand-alone [KKW13109.1]

Parcubacteria group bacterium GW2011_GWA1_47_11 stand-alone [KKU53457.1]

&|—_Koliel/a corcontica rnl [YP_009105830.1]- = = = = = = = = = = = = = = = = = = = = = = = = — - 2406

Coccomyxa simplex rnl [AMB18962.1]= = = = = = = = = = = = = = = = = = = = = = = = = = = - 2406
Trebouxiophyceae sp. MX-AZ01 rnl [YP_006666388.1]- = = = = == == == == == == = = - 2424
Pleurocapsa sp. PCC 7319 stand-alone [WP_019505246.1]

Monomastix sp. OKE-1 rnl [YP_002601070.1]- =~~~ - -~ ~-~-~——-—-—-=—=-=-—===-—-=--- 2393
Monomastix sp. OKE-1 rnl [YP_008802521.1]- = = = == = = = = = = = = = = = = = = = = - 2393

89

o
86 0|

100

Marophrys sp. HE™-5

Parcubacteria group bacterium GW2011_GWA2_47_8 rns [KKU82935.1]- = = = = = = = = = = = = = = = = - 497

Ganoderma meredithae nad4 [YP_009129968.1]

Agaricus bisporus var. bisporus H97 nad4 [AFP72278.1]

Glomus sp. DAOM 240422 cox1 [AGR92020.1]

Nuclearia simplex cox1 [YP_007476149.1]

Annulohypoxylon stygium cox1 [YP_008964982.1]

Kluyveromyces lactis cox1 [CAA40768.1]

w0 [ Ganoderma meredithae cox1 [YP_009129964.1]
Lentinula edodes cox1 [YP_006576293.1]

— Rhizoctonia solani cox1 [YP_008082087.1]

Fusarium graminearum cob [YP_001249320.1]

Bipolaris victoriae stand-alone [XP_014550100.1]

Sordaria macrospora stand-alone [XP_003342372.1]

Bipolaris zeicola 26-R-13 stand-alone [XP_007718680.1]

Ganoderma sinense cox2 [YP_008854721.1]

Glomus sp. DAOM 229456 stand-alone [AFN06107.1]

Rhizoctonia solani cox2 [YP_008081992.1]

Moniliophthora perniciosa stand-alone [YP_025851.1]

Claviceps purpurea cox1 [CCE35443.1]

Ganoderma sinense cox1 [YP_008854751.1]

Agaricus bisporus cox1 [ABY85445.1]

Rhizoctonia solani AG-1 |B cox2 [CC0O27458.1]
Rhizoctonia solani stand-alone [YP_008081983.1]
Rhizoctonia solani AG-1 |IB cob [CCO27489.1]

hizoctonia solani 123E stand-alone [KEP44945.1]
Rhizoctonia solani AG-1 |B atp6 [CCO27451.1]
Rhizoctonia solani stand-alone [YP_008082035.1]
Rhizoctonia solani cox2 [YP_008081994.1]

Ganoderma meredithae stand-alone [YP_009129937.1]
Ceratocystis cacaofunesta rnl [YP_007507040.1] - = = = = = = = = = = = = = = = = = - 2392

Rhizoctonia solani 123E nad4 [KEP45273.1]

o Rhizoctonia solani stand-alone [YP_008082053.1]

-

Rhizoctonia solani AG-1 |B cob [CCO27487.1]

Phycomyces blakesleeanus nad5 [YP_009162978.1]
Phlebia radiata nad5 [YP_007374928.1]

Spizellomyces punctatus nad5 [NP_150325.1]

Phlebia radiata nad5 [YP_007374924.1]

73

Monoblepharella sp. JEL15 nad5 [NP_803522.1]

Allomyces macrogynus rnl [S63641]- = = = = = = = = = = = = = = = = = = = = =
Annulohypoxylon stygium rnl [YP_008964948.1] - =~ - === === ==-=-=

L|——G/omus sp. DAOM 229456 stand-alone [AFN06110.1]
Parasitella parasitica stand-alone [YP_009059678.1]

100 Leucoagaricus sp. SymC.cos stand-alone [KXN93362.1]
I&FE Phlebia radiata cob [YP_007374949.1]- = = = = = = = = = = - *HIS93
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Supplementary Figure 4 (continued)

L Agrocybe aegerita cob [AAX34436.1]= = = === === = = = = = - *Phe273
Nuclearia simplex cob [YP_007476175.1] - === === ==~ T*yr272
Podospora anserina cob [1703266E] - = = = = = = = = = = = = - T*yr272
” @: Glomus sp. DAOM 229456 rnl [AFN06075.1] - = = = = = = = = = = = = = = = = = = = = = = = === =~ T
100 Cantharellus cibarius rnl [YP_007476113.1]- = = = = = = = = = = = = = = = = = = = = = = = — = = — - 531
Rhizoctonia solani rnl [YP_008081970.1] - = = = = = = = = = = = = = = = = = - m m mmm— === - 503
wfRhizophagus clarus rnl [CAY33158.1] = = = = = = = = s m s c c e e m e e e m et m mm e s e e m - == - T
LIE Rhizophagus intraradices rnl [CAH56509.1] = = = = = = = = = = = = = & & m — - - - e - m == - 1
- uncultured Glomus rnl [CAH56432.1] - = = = = s m m e e e e e e e e mf e e e e e e e e === t
| | Polysphondylium pallidum stand-alone [ABX45146.1]

Glomus sp. DAOM 240422 stand-alone [AGJ98062.1]
Glomus sp. DAOM 229456 cox2 [AFN06078.1]

100 Ca. Woesebacteria bacterium GW2011_GWC2_31_9rns [KKP31634.1]- = === == = = = = = = = = = = = = = - 514
[ o5 | Ca. Magasanikbacteria bacterium GW2011_GWA2_56_11 rns [KKW42216.1] - = = = = = = = = = = = = = = = = = - 496
Rhizophydium sp. 136 nad1 [NP_150364.1]
100 Chlamydomonas incerta cob [ABC98219.1] = = = = = = = = = = = = = - *GIn135
Chlamydomonas reinhardtii cob [CAA39012.1]- = = = = = = = = = = = = - *GIn135
Chlorogonium elongatum cob [CAA69146.1]- = = = = == = = = = = - *Ala141
100 Chlamydomonas moewusii nad5 [NP_046148.1]

Chlorogonium elongatum nad5 [CAA73987.1]
Rhodotorula taiwanensis RS1 cox3 [CC062238.1]
Millerozyma farinosa cob [YP_003204905.1] - = = = = = = - *Ala141
Debaryomyces hansenii cob [YP_001621420.1] - = = - - - *Ala141
Millerozyma farinosa cob [CBM41827.1] = = = = = = = = = = - *Ala141
Cyberlindnera jadinii cob [YP_008475049.1]- = = = = = = = — - T*rp162
Meyerozyma guilliermondii cob [YP_008474869.1]- = = = = — - T*rp162

" Barnettozyma californica cob [YP_008474961.1] - = === ===~ *Ala141
Candida theae cob [YP_008475154.1] - = == === === == — - *Ala141

Candida parapsilosis cob [NP_943633.1]- == - = —-=- - = - - — - *Tyr129

. Candida alimentaria cob [YP_004927812.1] = = = = = = = - *Ala141
Yarrowia lipolytica cob [NP_075444.2] - = = = = = = = = = = - *Ala141

_|—_Candida corydali cob [YP_008475237.1]- = = = == = = = = = - *Ala141

2z Candida pseudojiufengensis cob [YP_008474913.1] - = = - *Ala141

1w~ Saccharomyces paradoxus cob [AKL82711.1]- = = = = = = = = = - *Ala141

© ;‘”PSaccharomyces sp. cob [S23208]- - - =-=-=-====- === -~ ?

o Saccharomyces cerevisiae YJM1250 cob [AJU15777.1] - = = = = - *Ala141
Brettanomyces custersianus cob [YP_003127042.1] - = = = = = - *Ala141

100 Wickerhamomyces mucosus cob [YP_008475198.1]- = = = = = = - 1*le276
Cyberlindnera suaveolens cob [YP_008475115.1]- = = = = = = = - *His251

99 Moniliophthora roreri cob [YP_004376392.1]- = = = = = = = = = - *Ala141
Ganoderma meredithae cob [YP_009129953.1] - = = = = = = = = - V*al144
Claviceps purpurea cob [CCE35440.1]- = == == === ===+ *Trp139

o Piriformospora indica DSM 11827 cob [CCA78108.1]- = = = = = - *Ala141
Magnusiomyces magnusii cob [YP_007317616.2] - = = = = = = = - *Ala141

9 Magnusiomyces tetrasperma cob [YP_009029676.1] - = = = = - *Tyr129
100 Cantharellus cibarius cob [YP_007476142.1] - = == = == = = = =~ *Ala141
[ |L— Sporisorium reilianum SRZ2 cob [CBQ72549.1]- = = = = = == = = = = - *Tyr129
99 Botrytis cinerea B05.10 cob [AGN49016.1]- = == === ———=———-~ V*al144
Microbotryum lychnidis-dioicae cob [YP_007475373.1] - = = == = = - *Ala141
95_I:Puccinia striiformis f. sp. tritici PST-78 cob [KNF06914.1] = = = = - *Ala141
o Malassezia sympodialis ATCC 42132 cob [CCO75404.1] - = = = = - *Ala141

Rhizophagus irregularis cox3 [YP_003875547.1]

Rhizophagus irreqularis cox3 [AGA14258.1]

Lentinula edodes cox3 [YP_006576286.1]

Phlebia radiata stand-alone [YP_007374914.1]

Yarrowia lipolytica cox3 [NP_075435.2]

Candida deformans cox3 [YP_004927956.1]

Candida galli cox3 [YP_004927420.1]

Amoebidium parasiticum cox3 [AAN04069.1]

Cyberlindnera suaveolens stand-alone [YP_008475107.1]
Nuclearia simplex cox3 [YP_007476159.1]

Glomus cerebriforme cob [YP_0084F4723-A}F = = = = = = = - *Ala141
Zancudomyces culisetae cob [YP_203321.1] - == === ===~ *Ala141
Parasitella parasitica cox3 [YP_009059681.1]

Agaricus bisporus var. bisporus H97 cob [AFP72248.1] - = = = = = = = - *Ala141
Allomyces macrogynus cob [NP_043722.1]- = === === === ===~ *Ala141
] Ganoderma sinense nad5 [YP_008854716.1]
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84

100

L— peltigera membranacea nad5 [YP_005351213.1]
Agaricus bisporus var. bisporus H97 nad5 [AFP72245.1]
Allomyces macrogynus ? [S63646]

Rhizophydium sp. 136 cob [NP_150337.1]

Spizellomyces punctatus cox1 [NP_150310.1]
Chaetosphaeridium globosum cob [NP_689381.1]
Bracteacoccus minor cob [YP_009054607.1]

I: Gigaspora rosea cob [YP_005352677.1]

Oltmannsiellopsis viridis cob [YP_684382.1]
Pseudomuriella schumacherensis cob [YP_009054709.1]
Chromochloris zofingiensis cob [YP_009054637.1]

Chlorotetraedron incus cob [YP_009054622.1]
L Bracteacoccus minor cob [YP_009054606.1]
Hyaloraphidium curvatum cob [NP_150100.1]

E(86)

99

100

Parasitella parasitica cob [YP_009059685.1]
Piriformospora indica DSM 11827 cob [CCA78107.1]
Nuclearia simplex cob [YP_007476173.1]
Chlorokybus atmophyticus cob [YP_001315107.1]
Trebouxia aggregata cob [ABX82570.1]
Leucocryptos marina cob [BAM16494.1]
Nephroselmis olivacea cob [YP_665672.1]
Allomyces macrogynus ? [S63639]
Blastocladiella emersonii cox3 [YP_002274320.1]
Ceratocystis cacaofunesta cox2 [YP_007507048.1]
Trichoderma reesei cox2 [NP_570154.1]
Rhynchosporium secalis cox2 [YP_008965447.1]
Nuclearia simplex cox2 [YP_007476169.1]
Blastomyces dermatitidis ER-3 stand-alone [EEQ83194.1]
Dictyostelium discoideum AX3 cox1/2 [BAA21127.1]
Taphrina deformans PYCC 5710 cox2 [CCV02641.1]
Rhizoctonia solani cox2 [YP_008081993.1]
Chaetosphaeridium globosum cox2 [NP_689369.1]
Nuclearia simplex cox2 [YP_007476170.1]
Zancudomyces culisetae cob [YP_203320.1]
Annulohypoxylon stygium cob [YP_008964971.1]

0.5

Marophrys sp. HE®®-12- = = = = = - = = - o o o e o m—

Volvox carteri f. nagariensis cob [ACD85985.1]- — = = = = — — -

Supplementary Figure 4 (continued)

*Ala141
*Tyr124

*Ala141
*Ala141
*Ala141
*Ala141
*GIn135
*GIn135
*GIn135
*GIn135
*GIn135
*Leu274
*Ala125
*Phe126
*GIn135
*GIn135
*GIn135
*GIn135
*GIn135

*Tyr124
*Asn205

Supplementary Figure 4. Unrooted maximume-likelihood (ML) tree of LADLIDADG 2 type

homing endonuclease (HE) sequences. A phylogenetic analysis was performed on 305 sequences

with 165 amino acid positions under the LG + F + G4 substitution model. The key nodes to infer the

origin of the forth intron in the Marophrys rnl (rnl_i4) and its HE (HE™-*) are labelled with “A” and

“B” . Likewise, the nodes labelled with “C” , “D” and “E” are important to infer the origin of sixth

intron in the Marophrys rnl gene (rnl_i6) and its HE (HE™-), that of the first intron in rns gene

(rns_il) and its HE (HE™-) and that of the second intron in cob gene (cob i2) and its HE (HE«"-2),

respectively. The bootstrap values for nodes A-E are shown in parentheses. Other details are the same

as in the legend for Figs. S2-S3.
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Supplementary Figure 5

Ca. Moranbacteria bacterium GW2011_GWF2_44_10 stand-alone [KKT32698.1]
Parcubacteria group bacterium GW2011_GWB1_42_9 rnl [KKS76804.1]- = = = = = = - 2483

Ca. Azambacteria bacterium GW2011_GWD1_43_18 stand-alone [KKT03039.1]
Ca. Beckwithbacteria bacterium GW2011_GWA1_46_30 rnl [KKU34576.1]- = = = = = = = = = = - 2483

Parcubacteria group bacterium GW2011_GWC2_42_13 rnl [KKS33682.1]- = = = = = — — - 2485

Ca. Collierbacteria bacterium GW2011_GWC2_44 13 rnl [KKT39409.1]- - = - = = - - - - 2483

o Ca. Adlerbacteria bacterium GW2011_GWA2_54_12 rnl [KKW36332.1] - = = = = = = = = = = - 2401

Ca. Moranbacteria bacterium GW2011_GWA2_39 41 rnl [KKR21056.1]- = = = = = = = = = = = - 2491

Ca. Wolfebacteria bacterium GW2011_GWC1_37_10 rnl [KKQ21550.1] = = = = = = = = = = = = = = = . 2486

Ca. Daviesbacteria bacterium GW2011_GWB1_36_5 rnl [KKQ09845.1]- = = == === = = = = = — - 2483
76-|—7Ca.CoIIierbacteria bacterium GW2011_GWB1_44_6 stand-alone [KKT71465.1]

100 Thermosynechococcus elongatus BP-1rnl [NP_683037.1] - = = = = = = = = = = = = = = = = = = = = = = = = == — - 2483

Synechococcus lividus C1 rnl [ABD91527 1] = = = = = = = = = = = = = = = = = & = — m mmmmmm———— - - 2483

Synechococcus sp. COrnl [ABD91530.1] - = = = = = = = = = = = = = = = = — m e mm —m—— - - 2483

archaeon GW2011_AR19 rnl [KHO54628.1] = = = = = = = = = = = = = = = = = & = & — — m e m m e e m mmmmm—— 2545

Parcubacteria group bacterium GW2011_GWA2_47_8b stand-alone [KKU84785.1]

Ca. Daviesbacteria bacterium GW2011_GWB1_41_5 stand-alone [KKS11220.1]
Ca. Moranbacteria bacterium GW2011_GWC2_40_12 [KKR44427 1] rnl - = = = = = = - 2479
Ca. Yanofskybacteria bacterium GW2011_GWD2_39_48 [KKR22362.1]rnl- = = = = = = = - 2509

% Ca. Yanofskybacteria bacterium GW2011_GWC2_37_9 stand-alone [KKQ46870.1]

Ca. Nomurabacteria bacterium GW2011_GWF2_30_133 stand-alone [KKP22535.1]

83 I Parcubacteria group bacterium GW2011_GWC1_38_17 [KKQ58266.1]rnl- = = = = = = = = = = = = = - 2548
100 Ca. Daviesbacteria bacterium GW2011_GWC2_40_12 [KKR41285.1] rnl- = = = = = = = = = = - 2547
100 Ca. Woesebacteria bacterium GW2011_GWA1_40_43 stand-alone [KKR61387.1]

{ Ca. Woesebacteria bacterium GW2011_GWE1_35 20 [KKP73695.1]rnl- === = = = = = = = = = = - 2548
= 98 Candidatus Woesebacteria bacterium GW2011_GWE1_35_20 [KKP73694.1]rnl- = = = = = = = = = = = = = = = = = = = = = - 2483

_|: Microgenomates group bacterium GW2011_GWC1_43_13 stand-alone [KKS95309.1]
candidate division Kazan bacterium GW2011_GWA1_44_22 [KKT52818.1]rnl - = = = = = = = = = = = = = = = = = = = — = — - 2483

candidate division CPR2 bacterium GW2011_GWC2_39_10 stand-alone [KKQ92892.1]

Ca. Magasanikbacteria bacterium GW2011_GWC2_34_16 [KKP59389.1]rnl- = = = = = = = = = = = = = = = = = = — = = — - 2482
Berkelbacteria bacterium GW2011_GWB1_38_5 stand-alone [KKQ74577.1]

100 Carteria olivieri rnl [AAL77585.1] = = = = = = = = = = = = = = = = = = — = m m m — m —m —m—m - - m - — = 2484
%4 Carteria cerasiformis rnl [YP_009185132.1] - = = = = = = = = = = = = = = = — = & — — e — mmmmmmm—— - — - - 2484
92| "———— Carteria lunzensis rnl [AAL77583.1]= = = = = = = = = = = = = = = = = — - — m — m — m m mm e m————— - == - 1780
Acutodesmus obliquus rnl [YP_635980.1] = = = = = = = = = = = = = = = = = e e e m e —mmm——— - 2483
71 7T|_—Chlamydomonas subcaudatarnl [AFU83024.1]- = = = = = = = = = = = = = = = = = = = = = — — - — - - — == - 2484
% Stephanosphaera pluvialis rnl [ALO21701.1] = = = = = = = = = = = = = = = = = = = = = = = = = = = === =~ 2486
_:ematococcus lacustris rnl [AAL77526.1] - = = = = = = = = = = = = = = = = = - m m m m - - ——m— - === 2483

[l ™ 100 |—Ca. Kaiserbacteria bacterium GW2011_GWA2_52_12 stand-alone [KKW22903.1]

L Ca. Kaiserbacteria bacterium GW2011_GWA2_58_9 stand-alone [KKW45401.1]

5 Monomastix sp. M722 rnl [AALT7610.1] = = = = = = = = = = = = = = = = = = = = — = = — = — - = - - —- 2483
liSchizomer/s leibleinii rnl [YP_004581320.1] = = = = = = = = = = = = = s s e e e e e e e e e e e mmmmmm— - - 2483
Monomastix sp. OKE-1 rnl [YP_008802522.1] - = = = = = = = = = = = = = = = = = = = = = = = — = — - 2483
i 72 endosymbiont of Kryptoperidinium foliaceum rnl [AEP20750.1] = = = = = = = = = = = = = = = = — - 2453
_| Chlamydomonas agloeformis rnl [AAL34364.1]- = = = = = = = = = = = = = = = = = = = = — - = — - 2483
Chlorokybus atmophyticus rnl [YP_001315085.1]= = = = = = = = = = = = = = = = = = = = = = = = = = = === === -~ 2483
——— Symbiochloris handae rnl [YP_009104761.1] - = = = = = = = = = = = = = = = = = = = = m = — — — —mm - - — == - = 2483
I l-l_— Trebouxia gelatinosa rnl [ACU12337. 1] == = = = = = = = = = = = = = = = = m = — — e — — m m e — —mm = - - == 2483



Supplementary Figure 5 (continued)

| 100 [Trichosarcina mucosa rml [AAGB1152.1] = = = = = = = = = = = = = = = = = — —— m m— m mm e —mm - ————— - - - - 2483
Pseudendoclonium akinetum rnl [YP_636258.1] = = = = = = = = = = = = = = = = m e m m e m mmmmm—— - - - 2483
Oltmannsiellopsis viridis rnl [YP_635907.1]- = = = = = = = = = = = = = = = = = = = — m — — — m m m — —mm - == - - = 2483

=E 89 Scherffelia dubia rnl [YP_009241537.1] = = = = = = = = = = = = = = = = = = = = — = m — — — ——m — m— - - - — - - - 2483
_|:Dic/oster acuatus rnl [YP_009106641.1] == = = = = = = = = = = = = = = = = = = = — — — — —m———m———— - - - - - 2483

100 [~ Stichococcus bacillaris rnl [YP_009105013.1] = = = = = = = = = = = = = = = = = = = = = = = = == === === - 2483

1..4B(89) L prasiolopsis sp. SAG 84.81 rnl [AIT93541.4] - = = = = = = = = = = = = = = = = ==~ —mm—mm——m— o 2483
o Tydemania expeditionis rnl [YP_009130546.1] - = = == - = - - - - - - - - - - - - - - - - s oS s s s s s s 2483
Nephroselmis olivacea rnl [YP_665644.1] - = = = = = = = = = = = = = = = = = = = = = = — m m - ——— === 2483

Marophrys sp. HEM-8 - = = = = = = = = = = = = m m m m m m e m e m e m s m - mm - — === 2483

; Acanthamoeba castellanii rnl [NP_042526.1] = = = = = = = = = = = = = = = = = = = & & = = = = = = == = = = - 2483
A(94)

Mesostigma viride rnl [YP_665683.1]= = = = = = = = = = = = = = = = = = = = = = — — —— ———m—m - ——— - - - 2483

0.3

Supplementary Figure 5. Unrooted maximum-likelihood (ML) tree of homing endonuclease
(HE) sequences including HE™-#, A phylogenetic analysis was performed on 60 sequences with 143
amino acid positions under the LG + F + I + G4 substitution model. The key nodes to infer the origin
of the eight intron in Marophrys rnl gene (rnl_i8) and its HE (HE™-#) are labelled with “A” and

“B” , and the corresponding bootstrap values are shown in parentheses. Other details are the same as

in the legends for Figs. S2-S4.



Supplementary Figure S6

Kluyveromyces thermotolerans cox1 [YP_184721.1]-=============cccc-ccooo-m-o. Va*l135
Kazachstania servazzii cox1 [NP_861473.1]" = === =========-==-=---=------------- Va*l135
Torulaspora globosa cox1 [AMQ25913.1] === === === ======-=------------------ Va*l135
Ogataea thermophila cox1 [YP_008474826.1F === ===-======-====--=------=----- Va*l135
Cyberlindnera suaveolens cox1 [AGS44182. 1] == === =========-------------mmns *His382
Heterobasidion irregulare cox1 [YP_009048476.1]- === ================-----=-=--=-" Va*l135
Candida alimentaria cox1 [YP_004927801.1] "= ===============--====----==-=--: Va*l135
Candida galli cox1 [YP_004927415.1]" === ==========--==-==-=-=-c-----=-=-=--------- Va*l135
Yarrowia lipolytica cox1 [AGS44104.1]- === === === === === === ---------m-----m-- Va*l135
Yarrowia lipolytica cox1 [NP_075428.2] = ===============--=--=--=--=------------ Va*l135
Magnusiomyces magnusii cox1 [YP_007317629.2] -=================-==---=---=-=-=" Va*1135
Brettanomyces custersianus cox1 [YP_003127047.1] === == ===========-=-=-=-=----=-=------ Va*1135
Candida saraburiensis cox1 [YP_008474835.1] == ===============--=-=---------- Va*l135
Candida viswanathii cox1 [YP_003433756.1]- = === ============-=----c---------- Va*1135
Candida tropicalis cox1 [YP_008474984. 1] == === ========-==-=-=-=-------c---------- Va*1135
Candida tetrigidarum cox1 [YP_008474924.1] - == === ========-=-====-=------------ *His296
Wickerhamomyces mucosus cox1 [YP_008475211.1] ================-==--=--==" *His296
Barnettozyma californica cox1 [YP_008474971.1]-=================------------ Va*l135
Meyerozyma guilliermondii cox1 [YP_008474874.1] - === === ======-==-=-=-=----------- *His382
Candida albicans cox1 [AGS44337.1] - == ======-=-=-=--------------------oo- Va*l135
Candida neerlandica cox1 [YP_002122388.1] == =======-=====-=-=--=----------- Va*l135
Candida frijolesensis cox1 [YP_004733517.1] = ==========-=-==------c-----o--. Va*l135
Millerozyma farinosa cox1 [YP_003204916.1] -=================-=-----c-o-o---- *Tyr136
w[~Aspergillus fischeri cob [AAX39426.1]
100 Leptosphaeria maculans JN3 ? [XP_003836993.1]
o0 Moniliophthora roreri cob [YP_004376393.1]
= Ganoderma sinense cob [YP_008854736.1]
= Saccharomyces cerevisiae YJM1244 cob [AJU15757.1]
Zancudomyces culisetae cox1 [YP_203342.1] === ==================- *Asn428
Helicosporidium sp. cox1 [YP_006280971.1] "= === === === === - - - - - c-m o= Va*1137
100 [ Ceratocystis cacaofunesta nad5 [YP_007507054.1]
D Cryphonectria parasitica nad5 [AAB84210.1]
Auxenochlorella protothecoides stand-alone [YP_009112903.1]
Auxenochlorella protothecoides cox1 [YP_009112915.1]
Prototheca wickerhamii cox1 [NP_042246.1] === === === - == --------=---=--=-=---=---=---=-- Va*1137
Nuclearia simplex cox1 [YP_007476155.1] - ========== === === - =@ oo e e :Hi5247
Chaetosphaeridium globosum cox1 [NP_689387.1] -===-=-=-==-==-=-==-==-==-===-=-=-=-~-+ VLae,,Iu143359
Pleodorina starrii cox1 [YP_007890107.1] - = === =====-=======-===-====-=-====- *Pro137
Chlamydomonas reinhardtii cox1 [ABX82842.1] - ==================-=-======= Ty*r136
Ourococcus multisporus cob [YP_009054695.1]
Bracteacoccus minor cox1 [YP_009054610.1]
Monomastix sp. OKE-1 cox1 [YP_008802534.1] "= === === - - - - - == - ----=-=-=----m-----=s *Tyr136
o[ Ulva prolifera cox1 [YP_009183712.1] - == ===============-=c-=-====-=- *Tyr136
100 Ulva fasciata cox1 [YP_009172339.1] == ================---==-==-=-- *Tyr136
e Ulva sp. UNAD0071828 cox1 [AKF33547.1] - == =================-===" *Tyr136
= Monosiga brevicollis ATCC 50154 cox1 [NP_696985.1]-=-=--~-- “Tyr136
I— Pseudendoclonium akinetum cox1 [YP_025764.1] === ==================- Va*l135
—‘ ——— Schizosaccharomyces pombe cox1 [NC_112417.1] === === ========-=-=----=--=-=-=-==-=- *Thr376
Rhizophydium sp. 136 cox1 [NP_150343.1] === === === === --------------c---o-=- Va*|135
100 I-I\/Iarchantia polymorpha cox1 [AAC09453. 1] === === === === - -- - -- - oo mmmm—= *Ala212
Treubia lacunosa cox1 [YP_004927703.1]- === ======= === == - - - ------oomoono=o=- *Ala212
Spirophorina gen. sp cox1 [ALY05408.1] - == ===========-=--=--------=-------=-=-=-- *Pro137
Fusarium solani cox1 [YP_005088112.1] - == === ========- === - - =------c---c--mm==- Va*1135
Glomus cerebriforme cox1 [YP_008474709.1] === === === - === ------------c-=--- *Tyr136
Talaromyces stipitatus cox1 [AFD95919.1] - === === == === - - e m e mmmm e m e mmm - - = Va*135
Talaromyces marneffei cox1 [NP_943725.1] == === === s ccccccm e c e mm e mm s m e mm e mmmmm o *Tyr136
Rhynchosporium secalis cox1 [YP_008965416.1]- == ==========----- - - *Tyr136

Blastomyces dermatitidis ER-3 ? [EEQ83186.1]
87]Bipolaris maydis ATCC 48331 ? [XP_014072917.1]
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Supplementary Figure 6 (continued)

w-Madurella mycetomatis cox1 [YP_006576206.1] - === =========-=-=--=--c-c-----o--coooooooo. Va*l135

Annulohypoxylon stygium cox1 [YP_008964976.1]- == =============--------ccemooommmnnn. *Tyr136
Peltigera membranacea cox1 [YP_005351219.1] - === =======-===-------oommmmoomommm *Tyr136
Peltigera malacea cox1 [YP_005351179.1]- == == === === --------ccccccommmm o= m - *Tyr136
Ceratocystis cacaofunesta eox1 [YP_007507067.1]- = === ============--==------=---c----=---- T*yr136

Botrytis cinerea B05.10 cox1 [AGN49006.1]- === ==============-=-----=------------------- T*yr136
100 Microspora stagnorum cox1 [YP_008816101.1] "= ========= === - =---------c=-==--- Va*|250
Klebsormidium flaccidum cox1 [AJF36700.1] == === === ==== === ---c-c-----oo-==- Tr*p243

Rhizophagus sp. DAOM 213198 cox1 [AHM25007.1] "= =============----=-----------o--- *Tyr136
Marophrys sp. HE®oX1-i1 r== === ---coccm oo oo oo oo cccccmmmmmmmmm oo mm Va*l135
Rhizopus oryzae cox1 [YP_203293.1] === === === == == - - - s s s s - s - m—m—— Va*135
Parasitella parasitica cox1 [YP_009059703.1] == === === === == == - - - - - - oo mmmmm== L*eu429
endosymbiont of Kryptoperidinium foliaceum cox1 [AEP20714.1] - ================- Va*[135
Malassezia sympodialis ATCC 42132 cox1 [CCO75418.1] -========================- Va*l135

A(78)

Schizosaccharomyces octosporus cox1 [NP_700368.1] - ==================-===- Va*1135
Ustilago maydis cox1 [YP_762694.1] = === === == === - - - - - - - oo s mmm === *Val135
" Sporisorium reilianum SRZ2 cox1 [CBQ72557.1] - === ====== === - ----cc-cccmmoonmn==- *Phe244
Trichosporon asahii var. asahii CBS 2479 stand-alone [XP_014184504.1]

Puccinia striiformis f. sp. tritici PST-78 cox1 [KNF06916.1]-====================-=~-+ V*al135
Moniliophthora perniciosa cox1 [YP_025836.1] - === === === == - - - - - - - o s e s s m i m == *Tyr136
Lentinula edodes cox1 [YP_006576291.1]- === === === === - - - - - - - oo e s e s e s mmm == *Pro137
Microbotryum cf. violaceum BFL-2013 cox1 [YP_007475420. 1] == ============-==---=-=-=-=-===- Va*1135
Microbotryum lychnidis-dioicae cox1 [YP_007475357 1] == === == === === -----ccccmcmoom-=-- A*1a331

Fusarium culmorum CS7071 stand-alone [CDL73508.1]
Cantharellus cibarius cox1 [YP_007476133. 1 === === === === - --- - - --o oo oo mmm = Va*l135
s Flammulina velutipes cox1 [YP_008080562.1] === === === === === -c-c-oooooooooommm— *Tyr136
Tricholoma matsutake cox1 [YP_009175046.1] == ========-- === - -------c-oommmmmmmmmm - *Tyr136
86 Agrocybe aegerita coX1 [AAC72264.1] === === === === - - -- - m oo mm - ———= Va*|135
= Pleurotus ostreatus cox1 [YP_001504359.1]- === ======== === -c------oommmm o mmmmm o Va*l135
Rhizoctonia solani cox1 [YP_008082082.1] - === =============-=-=----cccc-ccc-oooooonmm-—- *Tyr136
Rhizoctonia solani AG-1 1B cox1 [CCO27439.1]-========- === - ---------mommmmmmmmmm o= *Tyr136
w0 [Agaricus bisporus cox1 [ABY85439.1]- = === === == === - - oo mm e mmm s mmm i mm - Va*I135
_L Ganoderma sinense ¢ox1 [YP_008854743.1] -==========-----------ommmmmmmmmmmmm o Va*l135

Supplementary Figure 6. Unrooted maximume-likelihood (ML) tree of homing endonuclease
(HE) sequences including HE“*-!!, A phylogenetic analysis was performed on 92 sequences with
271 amino acid positions under the WAG + F + G4 substitution model. Thekey node to infer the
origin of the first intron in the Marophrys cox1 b locus (cox! _il) and its HE (HE“*-1") is labelled
with “A” | and the corresponding bootstrap value is shown in parentheses. Other details are the same

in the legend for Fig. S2.



Supplementary Figure 7

. Chlorosarcina brevispinosa psbB [AIT94652.1]

L Xylochloris irregularis psbB [YP_009105662.1]

— Neocystis brevis psbB [YP_009105688.1]

Trebouxia aggregata pshB [ABX82587.1]
Oogamochlamys gigantea psbB [YP_009184705.1]
Jenufa minuta psbB [YP_009184873.1]
Lobochlamys segnis psbB [ALO21024.1]
Haematococcus lacustris psbB [ALO21552.1]

Ulva fasciata psaB [YP_009220433.1]
Pseudendoclonium akinetum psaB [YP_636275.1]
100 Chlamydomonas applanata psaA [ALO63258.1]
| 99_r—Oogamochlamys gigantea psaA [YP_009184708.1]
_|1°° Volvox carteri f. nagariensis psaA [ACY06051.1]
jad Jenufa perforata psaA [YP_009184845.1]
Pseudendoclonium akinetum psaA [YP_636261.1]
Scherffelia dubia psaA [YP_009241514.1]

[ Talaromyces marneffei cox1 [NP_943725.1]-====-=====csmcmonmoncommcmoncanoonnn. *Tyr133

ﬁ‘Eotryﬁs cinerea B05.10 cox1 [AGN49006.1] ================mmmmmmmcccccccanccnnnn, V*al132

- 10 Rhizophagus sp. DAOM 213198 cox1 [AHM25007.1]-==========sceceamacmacancann. *Tyr133
endosymbiont of Kryptoperidinium foliaceum cox1 [AEP20714.1]-=======veeeennn. *Val132

Carteria crucifera psaA [ALO21112.1]

Hafniomonas laevis psaA [YP_009184996.1]
Oogamochlamys gigantea psaA [YP_009184707.1]
Pleodorina starrii psaA [YP_007890175.1]
Microglena monadina psaA [ALO20936.1]

Stephanosphaera pluvialis psaA [ALO21629.1]
Jenufa minuta psaA [YP_009184902.1]
Paradoxia multiseta psaA [YP_009106150.1]
100 Nuclearia simplex cox1 [YP_007476151.1]============m=smcmesccmomocmomoocnsomnmnnss *His296
| 100 Chlamydomonas reinhardtii coX1 [ABX82844 . 1] === nnnmmmmamme e e *His296
91 L Ourococcus multisporus ¢ox1 [YP_009054685.1] - ncmmmamaaaaa e e ccccceeceeeaaa e *His296
Cinachyrella sp. 3473 cox1 [ADO14979.1] +===============cscmsmccccmoccccmcccommm s *Phe244
Prasiola crispa @cox1 [AKZ21148.1] === =nmmmmnmmmmn oo me i ccmccmcmccmma e ?
Trebouxia aggregata cox1 [ABX82567.1] == === nmmmmmmmmmme e eeeeeaaeeaan Va*1249
Trebouxiophyceae sp. MX-AZ01 cox1 [YP_006666416.1]-======ccccmmmmmmmmneeaeeeeeeeecece e *His296
Marophrys sp. HEOX 6 - ovmmom oo oo o oo oo oo “His296
Amoebidium parasiticum cox1 [AAN04063.1] ==================msmcmcmomosoo oo *His296
o[ Epidermophyton floccosum €ox1 [YP_313626.1] -===================smmsmmsmmscmscmmsnmsnnsnes *His296

sol- Fusarium pseudograminearum CS5834 stand-alone [CDL73318.1]

Podospora anserina €0X1 [1703265G] == mmmmmmmmmm e *His296
Sporothrix brasiliensis 5110 cox1 [KIH86267.1]-===========s=mmmmmnmnmemm e em e e ?
Ceratocystis cacaofunesta cox1 [YP_007507072.1] -===============--mccccmsmccccmocccmmanoennn. Hi*s296
Annulohypoxylon stygium cox1 [YP_008964981.1]-================s-smmssscsnsomssssnssmmmnssns, *Trp293

Peltigera membranacea cox1 [YP_005351221.1]-=============-==--=sssccmccmccmommnmnnnnnnnnnn, *His296
mwuo@* Blastomyces dermatitidis ER-3 ? [EEQ83188.1]

" Rhynchosporium agropyri cox1 [YP_008965301.1] -=======nmmmencmmnamcmacmaacaaacmacccnnes *His296
Talaromyces marneffei cox1 [NP_943727 . 1] +========mmnmmnmnmmnnme o smm e e *His296

w|— Clavispora lusitaniae cox1 [YP_008474999.1] -========nmmmnmmmmnmme o m e e *His296
Candida parapsilosis cox1 [NP_943640.1] -============-mcmsccenmccmccmomncm e *His296

] 10 Candida orthopsilosis cox1 [AAY88180.1] s==========m=mmmsccmcocmcccmcccm s cmmmmm s *His296
: Candida oxycetoniae cox1 [YP_008475038.1] = ccmnmmmmmmmm e aaee e ieee e e e e P*he327

" iM/’Ilerozyma farinosa €ox1 [YP_003204914.1] s=======-mmmmmmmmmmmmmmm e *His296
" Wickerhamomyces mucosus €¢ox1 [YP_008475209.1]-===============n=ssesmcmnsosmnmnnnonmnnnnns Va*132

" -L_Wickerhamomyces pijperi cox1 [YP_008475104.1] +====nnnmnnnnmmmnee e *His296
‘L Lcandida norvegica cox1 [YP_008475295.1] cccnmacmmmmaacca e eeccceecciceeccccccececceeememeeaas *His296

Cyberlindnera suaveolens €ox1 [YP_008475130.1] === nnnmmmmmmmmm e e Al*a331
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Supplementary Figure 7 (continued)

I_|:Moni/iophthora perniciosa €oX1 [YP_025838.1] ccmemmmmmmm e e ee e *His296
Dictyostelium citrinum cox1/2 [YP_492638.2] -=========nccacmmma e accmeaaecmmmaaan *His296
= Candida tropicalis €ox1 [YP_008474987.1] == =====nmcmmcemceacccecececece e e *His296
Candida viswanathii cox1 [YP_003433757.1] -==========nmmmmmmmmmmmmmmmmmmm e e *His296
Millerozyma farinosa cox1 [CBM41822.1] +=================ssscscmcmoccococcooomo oo *Thr320

Hirsutella minnesotensis cox1 [YP_009160651.1]-=================ccmcccccccccmmcnncnnommnnnn, *His296

Podospora anserina cox1 [CAA38790.1] r===============smssssmcmcmssscocmososssosmnn s *His297

Brettanomyces bruxellensis cox1 [YP_003127078.1] +====nnmemmmmammmmmme e eimmmeee e T*rp242

“ _|_—Allomyces macrogynus €¢oX1 [NP_043736.1]-=======mmnmmemmmemmce e e *His297
Trichosporon asahii var. asahii CBS 8904 cox1 [EKC97180.1]-=======cmmmemenncenncmanmaacaacaaann, ?

Ganoderma sinense c¢ox1 [YP_008854750.1] ===cncecnccccemnneeeannamenccceaacccaacmcaccccaaeean, *His297

—— Rhizoctonia solani AG-1 1B €0x1 [CCO27440.1] +==mmmmmmmmmmn e eeeecememeeeaans *His297

Bipolaris zeicola 26-R-13 ? [XP_007718612.1]

Bracteacoccus minor €oX1 [YP_009054611.1] == =-mmmmmmmmmmmmn e eeaeeeaaaas *His297

Pseudomuriella schumacherensis €ox1 [YP_009054704.1] +=====nnnmmmmmmannamcmemaaaaccaaaaann, *His297

Zancudomyces culisetae €oX1 [YP_203339.1] == ======nmmsmmmnnmmnmm o mm i menmm s e *His297

Pleurotus ostreatus cox1 [YP_001504362.1] -==========m=m=cnmnmnmnonmnnnnn-. *His246

Ganoderma sinense coxX1[YP_008854747 1] ==============sccc-cccccccacnnnnn. *His246
Rhizopus oryzae c¢ox1 [YP_203295.1] ===========s=mommmcccoomocomnmmoonnns *His246
Schizosaccharomyces octosporus cox1 [NP_700369.1] +====-===========---. *His246

Starmerella bacillaris cox1 [YP_052718.2] r========r=ssmmnnnnnnnnemnaenaannaann, *His246

Treubaria triappendiculata psaB [YP_009184584.1]
Lobochlamys segnis psaB [ALO21022.1]

100

Oogamochlamys gigantea psaB [YP_009184681.1]

Closterium baillyanum c¢ox1 [YP_008816009.1] *=============s==s==ssszcommssnsonne Va*i249
® — Chlorokybus atmophyticus cox1 [YP_001315140.1] s================c=emccmcmccmccnnnonn-. *Pro247
Parasitella parasitica cob [YP_009059688.1]

Allomycesmacrogynus cox1
Fusarium graminearum cox1 [YP_001249329.1] ===============s=smcccmcmomososoomcoomonnnn. Va*1249

s Cordyceps militaris cox1 [AKM22535.1]-=============m=cmcmmcmccmnccomcc e Va*249
Ganoderma sinense cox1 [YP_008854748.1] =============mssmssmssmmssossossssossssossonses Va*1249

Aspergillus nidulans FGSC A4 [YP_006303582.1] == =========mnmnmnmsmnmmnmmmmnmnmemen e *Val249
Schizosaccharomyces japonicus ¢ox1 [NP_705622.1] -===================s--=cmmsmmcnmsnonons Va*1249

Zancudomyces culisetae cox1 [YP_203340.1] r===============-c=mmccccccccmoccooocannnnnn. *307Thr

10| Scolymia sp. ? [BAF44923.1]
100 Pectinia alcicornis ? [BAF44936.1]

Cinachyrella alloclada cox1 [AIAG6466.1]-===============sscc=cmccccmnmconomoocon e *Pro247
Rhizophydium sp. 136 nad5 [NP_150357.1]

100

Ulva prolifera nad5 [YP_009183748.1]
Fusarium acuminatum CS5907 nad4L [CDL73463.1]
Fusarium pseudograminearum CS3427 [CDL73111.1]
Fusarium oxysporum nad5 [AAW67497.1]
Candida sake nad5 [YP_008475145.1]
Neurospora crassa OR74A nad5 [YP_009126712.1]
Sclerotinia borealis nad5 [YP_009072398.1]
Epidermophyton floccosum nad5 [YP_313631.1]
Parasitella parasitica nad5 [YP_009059710.1]
Yarrowia lipolytica nad5 [NP_075442.2]
Millerozyma farinosa nad5 [YP_003204910.1]
Genlisea aurea ? [EPS67323.1]
Marophrys sp. HE O 3 e e e e e oo e e e e e T*rp242
Candida galli cox1 [YP_004927414 1] -=====n=mnnmmscmmm oo m e m e m s mm i m s mm e *His296
Yarrowia lipolytica coX1 [AGS44109.1] === =====mnmmsnmme oo e m i m s m s m s m s e T*rp242
Candida deformans cox1 [YP_004927948.1]-====-===m===cmmmmmmnn oo cmmmm s mmm s m e *His296

Candida alimentaria cox1 [YP_004927800.1] === ========= === msamamao e mm e *His296
Candida bohioensis stand-alone [YP_008578709.1]




Supplementary Figure 7 (continued)

Dictyostelium citrinum coXx1 [YP_492641.1] cccaacmmcmaaam e aaccieeeeecccceccccccccccccccccccccccceeenaa *His296
83 Neochloris aquatica coX1 [YP_009054675.1] -= == cmmmmmmmmmmaaa e eeemmeeeeceeeccccmmmmaaaaan, *Trp242
w [ [Klebsormidium flaccidum ¢ox1 [AJF36708.1] «====mmmmmmmmmmmmrmnnm e e e Va*|132
100 Microspora stagnorum ¢oxX1 [YP_008816100.1] = === === mmnmmmmmmmm e e e e e e e m e T*rp242
“ Zancudomyces culisetae €oX1 [YP_203336.1] <= = === ==ssmmmmmsmn oo T*rp242
[ Lo Prasiola crispa @Cox1 [AKZ21147 1] s=====m=mmsmmcmmcc oo o oo m o m oo oo o ommm ?
Rhizophydium sp. 136 €ox1 [NP_150344 1]-=======mm==cmmmnc oo e mm i m i m s mm *Trp242
. Dunaliella salina coX1 [AJNOQ446.1] === === === mmmmmmmmmmmmme oo m e e *Trp242
100 Phycomyces blakesleeanus cox1 [YP_009162971.1] - =====m==m==ms=mmsmmsssssosssmss oo oss o e T*rp242
Parasitella parasitica cox1 [YP_009059700.1]-==========nmms=cnmmmen oo mm o mmm s mmm s m Al*a209
100 Pseudendoclonium akinetum ¢ox1 [YP_025763.1]-================mm=smmscmmscomscmmscmmscomsmmnmm e Va*249
Ulva prolifera cox1 [YP_009183713.1] s========mmm=mmscomccc oo oo oo m oo mm s mm oo mm s T*rp242
Scenedesmus quadricaudus cox1 [BAA33464. 1] ==mmmmmmmmmmmmmssssss oo s *Trp242
100 Agaricus bisporus coX1 [ABY85442 1] =======mmmnmmcmoce oo oo m oo nm s mm s sm s sm e T*rp242
&rl:?leurotus ostreatus ¢ox1 [YP_001504361.1] s=====m=m=m=mmmmmssmmsmms oo m oo o mm s m e T*rp242
Taphrina deformans PYCC 5710 cox1 [CCV02648.1]+==============mmsemscmmcommcooccm oo m o nnes ?
w0 Fusarium pseudograminearum CS3427 stand-alone [CDL73135.1]
Fusarium circinatum cox1 [YP_008757702.1]-=============s=msmmmmsosomcm oo m s m e T*rp242
Podospora anserina €oX1 [CAA38786.1]+=====n=mmmmmmmmme oo cmdem oo T*rp242
Ophiostoma ulmi €oX1 [AAUOT7878.1] »===== === mmmmmmmmmmmm oo e m oo mmmm e ?
Colletotrichum lindemuthianum cox1 [ADW79434 4] =============s==smssmssmmsmmsmosmmcs oo *Trp242
Aspergillus fischeri €ox1 [AFD95946.1] *== === mmmmsmsmmmos s oo oo o m s s T*rp242
Ceratocystis cacaofunesta cox1 [YP_007507069.1] ========m======ssmmssmscmmssmssosoomcomsoosmmnmmmmmn e T*rp242
¥ Sclerotinia sclerotiorum 1980 UF-70 cox1 [AKQ53317.1] s=============mmmmmcccccccccmmmccooo s mmmmmmmmnnns Va*1249
Peltigera membranacea cox1 [YP_005351220.1]-=============m==mmscccmecocmo oo oomom o mm e T*rp242
Pyronema omphalodes cox1 [YP_009240547 1] -===========mmsmsmmsmsmsmssosoos oo sm s s o T*rp242
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Ganoderma meredithae cox1 [YP_009129960.1] s==========mmmmemmmm e e e e T*rp242
Ustilago bromivora strain UB2112 cox1 [SAMBB526.1] === *Trp242

Jaminaea angkorensis cox1 [YP_008994143 1] s=====ssssssmsmnmnnnnnnnono oo m oo m oo s m s T*rp242
Nuclearia simplex cox1 [YP_007476153.1]=========m=m=mcmsccocceoe oo oo m o oo o oo oo e Al*a331

100 Saccharomyces paradoxus cox1 [AKL82960.1] -==========smmmmmnmeomnmne e m s m s m e T*rp242

100 4'— Saccharomyces cerevisiae Kyokai no. 7 cox1 [BAK78957.1] +=========-mmmmmmmmmnmnmcmmemnemn e *His246

_|89 Torulaspora globosa cox1 [AMQ25914 1] s======m=mmmmmmm oo oo o oo e e m i m e m s L*eu252

7 Starmerella bacillaris cox1 [YP_0582719.2] ========m==ms=mmsmmssmssoss oo oo oo s s T*rp242
Pichia kluyveri cox1 [YP_008474948.1]-========m=m=msmcmcococceo oo mm oo o oo omm e Va*1249
Kluyveromyces lactis €oX1 [CAA40767 1] s=======m=m=m=msmcocoscs oo s oo oo oo nmm oo *Phe241

a0, Candida theae cox1 [YP_008475158.1] === m=m=mmmmmmmmmsms o s oo T*rp242
A Candida corydali coX1 [YP_008475233.1] === =====m=nmnmmmm o oo o o m o m s T*rp242
. Magnusiomyces magnusii €oX1 [YP_007317631.2] === ==nmcmmmnnnmmeeeee e e mme e ccccmma e T*rp242
e.| | 10o[~ Barnettozyma californica cox1 [YP_008474972.1] +==========ssmmsmsmmsmsnmsms oo oo o m s m T*rp242
02, ‘ -'——Candida norvegica coX1 [YP_008475294 1] ===m=m=mmmmmmmsosmsmso oo oo m oo T*rp242
o Cyberlindnera suaveolens cox1 [AGS44188.1] ==========msmsmscmomomoocco o mom oo mmm o e *Thr376

- Ogataea thermophila cox1 [YP_008474825.1] -============msmsmsms oo oo oo mmm oo mm o mm e *GIn84
Magnusiomyces ingens cox1 [YP_009029664.1]-==================cmsmcomnmcmsnonmnmo oo e T*rp242
—— Millerozyma farinosa cox1 [YP_003204915.1] r===========smsmmsmsmmnonme oo s oo m s *Phe243
Rhizoctonia solani cox1 [YP_008082083.1] *==========n=mmmsssssmmsssssmsssssssssnsssm s m s s Ph*e243

Agaricus bisporus var. burnettii JB137-S8 cox1 [XP_007335309.1] -=========m===-m=msmmsmsomsmsesssssmsmsnmnm s ?

Mortierella verticillata ¢ox1 [YP_203353. 1] === ===s=smsmmmmmmmmmmmm oo oo m s s m i m s mm s T*rp242
Moniliophthora roreri cox1 [YP_004376350.1] -========ncenncennmenmacee e e e e e *Trp242

Ceratocystis cacaofunesta nad5 [YP_007507055.1]

Supplementary Figure S7. Unrooted maximume-likelihood (ML) tree of homing endonuclease
(HE) sequences including HE“*’-* and HE“*’-¢, A phylogenetic analysis was performed on 161
sequences with 213 amino acid positions under the VT + F + I + G4 substitution model. Other details

are the same as in the legend for Fig. S2.



Plasmid-derived region in mtDNA

Supplementary Figure 8
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Supplementary Figure 8. Dot plot comparison of the linear plasmid and the plasmid-derived
region in the mtDNA. A dot plot was drawn based on the result of YASS' analysis with default
parameters. The x- and y-axes show the linear plasmid and the plasmid-derived region of the
Marophrys mtDNA, respectively. Gray arrows along the axes represent genes and their orientation.
Inverted repeats in the linear plasmid are depicted as red triangles. Green lines represent
forward/forward match in both sequences, whereas the orange ones correspond to the alignment
between the reverse complement of the one sequence and the forward of the other.

"Noé L. and Kucherov G. 2005, YASS: enchancing the sensitivity of DNA similarity search, Nucleic Acids Res.,
33:W540-3



Supplementary Figure 9

Supplementary Figure 9. Light micrograph of a centrohelid heliozoan Marophrys sp. strain SRT127.



Supplementary Table 1: Codon usage in the mitochondrial genome of Marophrys sp. strain SRT127

Codon AA tBNA Codon AA tBNA codon AA tBNA codon AA tBNA
anticodon anticodon anticodon anticodon
Uuu UCu UAU UuGU
Phe (F) GAA Tyr (Y) GUA Cys (C) GCA
uucC UCC UAC UGC
Ser (S) UGA
UUA —2 UCA UAA UGA —2
Stop —! Trp (W)
UuG CAA UCG UAG UGG CCA
CuUU CCU CAU CGU
Leu (L) His (H) GUG
CucC CCC CAC CGC
UAG Pro (P) UGG Arg (R) —2
CUA CCA CAA CGA
Gln (Q) UuG
CUG CCG CAG CGG
AUU ACU AAU AGU
Asn (N) GUU Ser (S) GCU
AUC Ile (I) GAU ACC AAC AGC
Thr (T) —2
AUA ACA AAA AGA
Lys (K) —2 Arg (R) UCu
AUG Met (M) CAU ACG AAG AGG
GUU GCU GAU GGU
Asp (D) GUC
GUC GCC GAC GGC
Val (V) UAC Ala (A) UGC Gly (G) UCC
GUA GCA GAA GGA
Glu (E) uucC
GUG GCG GAG GGG

! No tRNA for stop codons
2 {RNA for UUA, UGA, ACN, AAR and CGN (R=AorGand N=A, C, G or T) were not found in the mtDNA




Supplementary Table 2: PCR primers used for confirming intron splicing.

Gene Name Direction Sequences (5 -3" )
atpl atplF forward GAAGCTGCACAGCTAACTGACTTC
atplR reverse CATTGTACAACCTGCGAACGGTG
cob cobF forward CAGGTATCGTTGGAACTTGC
cobR reverse TACCAGCCAAGTGTAAGCTG
cox1 cox1F forward GAGCACATTATGCGCGATATCG
cox1R reverse GATGCGCCTGCAATAGCAAAG
nad5 nadSF forward GAGCTGTTGGTAAATCTGCTC
nadSR reverse AAGAACCAATGTGCTCGGTGCG
rnl rnlF forward GATAGTGAACACAGTACCGTAAG
rnsR reverse ATACGTAGCTACTCGACATTGC
rns rnsF forward GAGGAATCTTGGACAATGAGCG

rnsR

reverse

CAGCTTCATGCTTTCGAGTTGCAG




